Abstract
Introduction
It is unquestionable that there has been an increase in the human activities which have significantly enhanced greenhouse effect. The resulting radiative forcing continues to increase, (Stocker et.al, 2013) . According to the recently released report of Intergovernmental Panel on Climate Change (Stocker et.al, 2013) , it is Please cite this article as: Opere .J.E.A, F. Mutua and J.K. Ng'ang'a, 2017 . Assessing the Vulnerability of the Residents of Rachuonyo North Sub-County to Climate Variability and Climate Change. J. clim. chang. sustain. Vol 1, issue 2, pp. 51-57. https://doi.org/10.20987/jccs.2.08.2017 Climate change is already impacting communities at household level. The analyses of the risks and vulnerabilities of the people living in a given area are important to understanding the impacts of climate variability and change in that given location. This Research perceived vulnerability as level of exposure by residents of Rachuonyo North Sub-County to socio-economic and climate risk and made attempts to empirically assess household vulnerability. Vulnerability Index (VI), calculated and normalized using United Nations Development Programme (UNDP, 2009) vulnerability normalization method, estimates revealed higher vulnerability in Central Karachuonyo Ward followed by North Karachuonyo, Wang'chieng, Rambira and Kendu Town wards respectively. Vulnerability Index has an advantage of serving as a measurement metric for exposure of a population to socio-economic and climate risk. However, the use of Vulnerability Index may give misleading results if the functional relationship is not taken into account during the normalization process. From the results it is recommended that vulnerability assessment and mapping of Vulnerability Index over the whole County be undertaken. apparent that there has been an increase in the global mean surface temperature of the earth since the beginning of the instrumental record. The highest warming has been observed during the industrialization period (Stocker et.al, 2013) . Climate change will lead to widespread effects on the environment, and on socio-economic and related sectors, including, human health, agriculture and food security, water resources, terrestrial ecosystems, biodiversity and coastal regions. Drought or flooding may also be caused by changes in the rainfall patterns. Melting of ice can lead to flooding and soil erosion (UNFCCC, 2009) . Increase in temperatures may lead to changes in planting seasons which may have an impact on food security and in the spread of disease vectors which may put more people at risk from diseases such as malaria (UNFCCC, 2009) . Climate change will have severe effects on the poor people. Most of the developing nations are most vulnerable since they mostly depend on natural resources. These nations have limited capacity to adapt to climate change. The poorest countries are the most vulnerable to climate change since they have the least capacity and resources to adapt. (Ravindranath and Sathaye, 2002) . Ifejika et.al, (2006) carried out a drought vulnerability and risk assessment in semi-arid, agro-pastoral areas of Makueni District, Kenya. Vulnerability indices were generated over the area of study. It is becoming increasingly important to initiate empirical approaches to study vulnerability in Kenya. This research therefore lays a foundation for the beginning of the estimation and mapping of vulnerability indices at Sub-County level.
Area of study
The area of study is Rachuonyo North Sub County. The study area has a tropical humid climate and strongly dominated by the influence of Lake Victoria. Humidity is high with potential evapo-transpiration rate between 2000 and 2200mm per year. The annual temperature in the sub county ranges from 17 0 C to 34 0 C. February is the hottest month while temperatures are lowest in April and November. Yearly average rainfall is between 700mm and 1800mm with an annual average of around 949 mm. Figure 1 below shows area of study. The area of study is generally below average on most socio-economic indicators. The area is below the national average of 0.56. It scores 0.46 on the Human Development Index which is below the national average. Most of the residents depend on rain fed agriculture, fisheries and small scale farming practices. These economic activities are highly vulnerable to climate change effects and environmental degradation. Survey of the Socio-Economic Characteristics of the study region. Research design involved sampling and cross sectional data collected from selected households where a non-probabilistic sampling method was done. Stratified sampling methods were used. Questionnaires were designed where the following socio economic indicators were tested: education level, household size, dependents over the age of 18 years, dependents under the age of 18 years, land size, age, and access to basic services, employment level, income, information access and agricultural production per hectare.
2.2.
Estimation and mapping the vulnerability of the communities over the area of study using Vulnerability Indices. Quantitative assessment of vulnerability was done by constructing "vulnerability indices". These indices were based on selected sets of indicators that result in vulnerability of communities to climate change impacts over the region of study. A formative model was adopted where the indicators were assumed to contribute to the construct. The variables to be investigated were guided by the latest report on human development by Füssel et al., (2006) . For each component of vulnerability, the collected data was arranged in form of a rectangular matrix with rows representing the region and columns representing indicators. The indicators were normalized using a functional group relationship to either 0 or 1 corresponding to either minimum or maximum value as shown in the expression below. Equation (i) was employed for indicators that increased or sustained while equation (ii) was used in cases where the indicator would most likely decrease vulnerability of the people. Excel spread sheet was used in this case.
Where X ij is the value of the indicator j corresponding to region i. X ij has a positive functional relationship with vulnerability. Max is the maximum value of the indicator and Min is the minimum value of the indicator.
Where Y ij is the value of the indicator j corresponding to region i. Max is the maximum value of the indicator and Min is the minimum value of the indicator. Y ij has a positive functional relationship with vulnerability. The normalized scores were converted to vulnerability indices by giving equal weights to all indicators. A simple average of all the normalized scores was done using the formula in (iii) below, 
. (iii)
Where VI is the vulnerability index of X ij and X ij + Y ij = 1 for K indicators. The value of K in this study was 12. The vulnerability indices ranked the different locations of the area of study in terms of vulnerability. The highest index was judged to represent the highest vulnerability. Mapping of Vulnerability indices was done using Surfer software.
Results and discussion
This section discusses the results that were found in this study.
Socio-economic characteristics.
Results of this survey revealed that majority of the respondents had household sizes of between 2 to 5 and land parcels of between 2 to 5 acres. Radio was the main means of access to information followed by telephone. The study also revealed that majority of the respondents was unemployed and depended on crop and livestock farming and fishing as their main source of livelihood. The study further revealed that the yield of main food crops like maize, beans and millet have reduced over the recent past and new crops including grams, yams, cotton, and butternuts are becoming increasingly grown. The study further revealed that up to 90 percent of the respondents believe climate is changing and suggested drought as the major climate hazard followed by floods. This is because most of the respondents have recorded a decline in crop production over the past years. They have also shifted to drought tolerant crops like cassava. Other socio-economic characteristics were revealed as manifested by the figures 2 to 8 below: Figure 2 below shows a graph of dependency rate where dependents are below 18 years in the locations studied. It can be seen that dependency varies from less than 10% on average in Kobuya, Kobiero, Wadhigone respectively to as high as 60% in Kokoth Kataa, Rambira, Wadhigone Nyongo and South Kanyaluo. The low dependency rate can be judged to be associated with low vulnerability while high dependency rate can be associated with high vulnerability. This is because populations below 18 years are generally children with less socioeconomic productivity and therefore, less resilient. Figure 3 below shows a graph of dependency rate where dependents are above 18 years in the locations studied. It can be seen that dependency varies from less than 10% on average in Kanyipir and Wadhigone respectively to as high as 70% in Kamser Nyakongo, North East Karachuonyo ,Wang'chieng and South Kanyaluo respectively. The low dependency rate can be judged to be associated with low vulnerability while high dependency rate can be associated with high vulnerability. This is because populations above 18 years are generally productive young people whose dependency means less socio-economic productivity and therefore increasing their exposure to risks. Figure 4 below shows a graph of access of the population to basic services in the locations studied. It can be seen that accessibility to basic services varies from less than 10% on average in Rambira and Wadhigone Nyongo to as high as 50% in North Karachuonyo respectively. The low access rate to information can be judged to be associated with high vulnerability while high access rate to information can be judged to be associated with low vulnerability. This can be explained by the fact that lack of access to information most likely denies people opportunities to make informed decisions that can enhance the resilience of the population investigated. Figure 5 below shows graph of employment rate over the area of study. It can be seen that there is high unemployment levels over the area of study with less than 40 percent of adults above 35 unemployed. Rambira, Kokoth Kataa, Wadhigone Nyongo recorded low employment rates of less than 15% while Kamser Nyakongo recorded the highest employment rates of about 40%. Unemployment was judged to increase the vulnerability of the people to increasing climate variability. Figure 6 below shows the graph of access to information per location. It can be seen that most people have acceptable access to information. However, Rambira and South Kanyaluo were identified with very low levels of information access. This can be explained by large population lacking access to basic services as depicted in Figure 4 above. Lack of basic services including infrastructure, health and education can derail the ability of a population to access information and increase their vulnerability to socio-economic vulnerability that can be associated with climate change. Figure 7 below shows a graph of involvement of the population investigated in rain-fed agriculture. It can be seen that majority of the population investigated depend on rain fed agriculture, a behavior that increases their exposure to increasing climate variability due to the impacts of climate change. This is because of the fact that erratic trends in climatic parameters due to climate change will negatively affect rain-fed agriculture. Nyongo had the highest vulnerability index while Wadhigone had the lowest vulnerability index. This can be explained by many factors including unemployment and relatively high exposure of Wadhigone Nyongo people to hazards compared to their counterparts. There seems to be two neighboring socio-economic strata characterizing these two locations, a situation that is typical of growing towns in an urbanization process where a fast growing town is always neighbored with a town of an opposing economic trend. It is important to note that most of the locations investigated had vulnerability indices ranging from 0.2 to 0.5, a situation that characterized the region under investigation into about same socio-economic exposure to possible consequences of increasing climate variability and/or change. figure 9 show the map of vulnerability indices per ward of the area of study. It can be seen that Central ward recorded the highest score followed by Wang'chieng and North Karachuonyo wards respectively. Kanyaluo, West Karachuonyo, Kibiri and Kendu Town recorded relatively lower Vulnerability Indices. This can due to the fact that most of the people in Central Ward had a high dependency ratio as a result of orphaned children due to HIV cases. The level of employment in the area is also low compared to other areas. In Wang'chieng' Ward, there are flood prone areas that put most of the residents at risk. Most of the people in Wang'chieng Ward also depend on natural resources like fish for their livelihood which may make the residents vulnerable to the impacts of climate change. There is also high level of school dropouts due to fishing activities which affects the level of education in the ward. 
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Conclusion and Recommendations
This section presents conclusion drawn and recommendations given on the key findings.
Conclusion
Socio-Economic study revealed that a majority of the respondents were aware that climate is changing. Household characteristics of the area under study indicated increasing vulnerability to possible climate Change characterized by perceived reduction in crop yields, unemployment, dependency on rain fed agriculture, among others. Vulnerability assessment conducted over the area of study revealed that the people of Rachuonyo-North Sub County are vulnerable to increasing climate variability. Central ward recorded the highest score followed by Wang'chieng and North Karachuonyo wards respectively. Kanyaluo, West Karachuonyo, Rambira and Kendu Town recorded relatively lower Vulnerability Indices. This can be explained by results of socio-economic revealing that most of the people in Central Ward had a high dependency ratio as a result of orphaned children due to HIV cases, coupled with high level of unemployment in the ward. Wang'chieng' Ward is also flood prone area that puts most of the residents at risk. Over dependency on natural resources like fish for livelihood may also increase the vulnerability of the residents of Wang'chieng' Ward to increasing climate variability coupled with high level of school dropouts due to fishing activities which affects the level of education in the ward.
Recommendations
From the results of this study it is recommended that a similar assessment across the whole county be constructed. The reason is that the assessment lays the foundation for development of climate change adaptation plans. The research also recommends that the areas with low level of education as a result of school dropouts due to fishing activities be addressed.
